ABSTRACT The vehicular ad hoc network (VANET) is one of the promising and encouraging technologies, and it is going to attract great attention in the near future. VANET has turned into a main module of the intelligent transport system. It is a self-controlled, wheeled network (also called network on wheels), and a wider and stimulating class of mobile ad hoc network (MANET). VANETs raise many innovative challenges because of their high-class and unique features, such as high-node mobility, dynamic topology changes, wireless links breakage, network constancy, and network scalability. A well-organized routing protocol is one of the most challenging matters of such networks. In this paper, we propose an intelligent naïve Bayesian probabilistic estimation practice for traffic flow to form a stable clustering in VANET, briefly named ANTSC. The proposed scheme aims to improve routing by employing awareness of the current traffic flow as well as considering the blend of several factors, such as speed difference, direction, connectivity level, and node distance from its neighbors by using the intelligent technique. The proposed technique has proven to be more strong, stable, robust, and scalable than existing ones.
I. INTRODUCTION
Safety as well as luxury in travel has gained significant importance in social life. For the past few decades, every year many people have lost their lives, while others have been injured in highway accidents because the driver is unable to estimate the circumstances on the road ahead. Well-organized traffic control systems are also becoming abundant. On the other hand, traffic crowding is becoming an increasingly severe problem. Due to the crowding effect, vehicles waste millions of hours and gallons of fuel daily. Therefore, a clogged flow condition has a damaging influence on the economy, health, and environment. However, a huge quantity of accidents and congestion may be avoided by gathering and allocating information related to human safety. The information is collected using an intelligent network scheme among moving vehicles on urban roads or highway setups. As part of Intelligent Transportation Systems (ITS), it affects the financial and social causes of motor vehicle accidents. Vehicular Ad-hoc Networks (VANETs) have attracted growing attention from both industry and theoretical scholars recently [1] - [4] .
VANETs are a special case of MANETs, where the mobile nodes in these networks are vehicles that are fitted out with wireless communication devices, i.e. on board units (OBU), application units (AU), global positioning systems (GPS), e.g. digital maps, and thus move on roads at very great speed following traffic instructions, and spread or receive information.
Generally, we have two classes of communications in VANETs: vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I).
There are two core units: the roadside unit (RSU) and OBU. In addition, standards in VANETs have been established by the IEEE, referred to as Wireless Access in Vehicular Environment (WAVE). In the IEEE 802.11p protocol, CSMA/CA is utilized for medium access control [5] . VANET permits vehicles to connect at about 100-300 meters from each other, and thus the created OBU consists of a wireless communication unit, such as dedicated short range communication (DSRC) or 3G, a memory set, and a processor in order to provide V2V and V2I communications. Fig. 1 above clearly demonstrates the VANET's organization. Usually, the VANET structural design facilitates two forms of communication unit, which are the OBU and RSU.
As specified above, OBUs are fixed in the vehicle, and RSUs are a static unit located on the roadside or near to traffic lights. The RSUs act similarly to an access point and are able to provide the communications with infrastructure (i.e., 2G, 3G, or microwave). The above-mentioned networks have an extensive range [6] . A vehicle acts as a router as well as a source and/or destination to exchange information packets in either one hop or multi-hop fashion.
Compared to other MANETs, VANETs are categorized by high vehicle movement, regular topology variations and interruption to the wireless connection. Furthermore, numerous applications have different QoS requirements. Mostly, safety applications need rapid and consistent message transfer, though non-safety applications need a high output and fair access to utilize the channels [10] .
As stated directly above, since VANETs have been used in numerous applications such as safety and sensitive information related to road conditions, both applications need a highly unchanging topology, so improved solutions for clustering in VANETs are needed. Clustering is an eminent method to form groupings of vehicles and thus organize ad hoc networks, and is also an effective method to make the VANET global topology less dynamic. It allows the creation of a virtual communication that supports well-organized distribution of data in VANETs [7] . The clustering approach is a well-organized and efficient key to the scalability issue [8] . The hidden terminal problem can also be reduced by clustering [9] . Clustering in VANETs is an operative method to shorten some significant functions, such as vehicle management, routing, medium access management, the provision of resources and bandwidth [10] .
The stable clustering methods have been well considered in Mobile Ad-hoc Networks (MANETs) in recent years. However, considering the high-class features of VANETs, these traditional and outdated clustering methods are inappropriate for VANETs. Several stable clustering-based schemes in VANETs have been proposed in the literature. However, it is a significant issue with all these old schemes that they do not keep the long life of clusters and the stability of the cluster head, due to the high movement of vehicles, the continuously changing topology of vehicles and other related factors in VANETs.
In this paper, we proposed an intelligent clustering algorithm whose purpose is to extend the lifetime of a cluster head. We will take advantage of being aware of the lane of automobiles on the road and then transmit this awareness to further adjacent vehicles to determine the best and ideal cluster head. Our technique of choosing the cluster head is the essential way to attain a more stable cluster. Our scheme takes the traffic flow lane use information, speed alteration, direction, connectivity level, cluster size and vehicle distance into consideration, for selecting a long-lasting cluster head.
The remainder of the paper is arranged as follows: Section II, sums up and reviews the background and a few associated techniques that are reported in the literature. Section III describes the proposed Naïve Bayesian based cluster head (CH) selection method, the highlighted model of CH, and the cluster formation and selection process. Section IV includes the simulation results of the presented technique. The conclusion and future of the current scheme are drawn in section V.
II. BACKGROUND AND RELATED WORK
A cluster is an abstract structure in which vehicles having some characteristics in common are merged in a group and thus form a cluster. For ease, every cluster has its own cluster head, or there can be more than one, depending on the scenario. The vehicle nominated to be a cluster head will manage the whole cluster as well as communication-related tasks. A number of clustering techniques and methods for VANETs are found in the literature. However, some of the proposed methods use the MANET clustering techniques to form the clusters, though these works cannot be suitable for VANETs due to the major difference between VANETs and MANETs.
In order to improve the standard cluster lifetime and number of cluster heads per vehicle [7] , the Intelligent Based Clustering Algorithm in VANET (IBCAV) is proposed. This technique seeks to enhance the algorithms of routing in VANETs by using inter-layered approaches, having knowledge of the current traffic flow as well as the mixture of numerous attributes including the size of the cluster, the vehicle speed and density of vehicles. The core technique for selecting the cluster head is based on the smart technique that is called an artificial neural network.
To provide stability in the cluster lifetime for VANETs, [10] proposed a clustering algorithm that is based on the flow of the traffic, aiming to establish stable clusters in urban scenarios. The flow of the traffic, vehicle speed variation and vehicle position are taken into consideration in this paper. A vehicle with a heavy flow of traffic in its VOLUME 6, 2018 environment is given higher importance to be selected as the cluster head.
To extend the lifetime of the cluster head, [11] discusses a technique where the head of the cluster is selected depending on the lane having the maximum traffic flow. Vehicles have knowledge of the traffic in every lane, i.e. lane recognition, lane direction and map matching on the road, and they broadcast the gathered information to adjacent vehicles. This helps in selecting an efficient and stable cluster head.
Almalag and Weigle [12] proposed a new VANET cluster creation algorithm in order to extend the cluster lifetime and reduce the vehicle alteration per cluster. This technique groups vehicles that are moving fast in high-speed lanes into one cluster, while vehicles that are moving slowly are grouped into another cluster. This procedure takes into consideration the speed alteration between vehicles as well as their location and direction throughout the cluster creation procedure.
The cluster head selection process is one of the major challenges in VANETs. In [5] a fuzzy logic based cluster head selection algorithm is proposed. The technique used four fuzzy input functions that are direction, speed, acceleration, and distance, leading to better decisions on cluster-head selection that can improve the overall network lifetime. The proposed algorithm selects the CH from both low-speed and high-speed vehicles on a two-way multi-lane highway.
To improve the connectivity and reduce the interruption when a vehicle changes its cluster head, [13] offered a new clustering metric, the 'vehicle interconnection metric', which discloses the movement resemblance of vehicles in the neighborhood. It is constructed on beacon frames directed among vehicles and aims to find the communication capabilities between each pair of them, rapidly adjusting to the alterations in the network. In this technique, a clustering algorithm with double cluster head connectivity is proposed, thus eliminating the need for the periodic selection of a new cluster head as the old cluster head leaves the cluster.
Lo et al. [20] offer a novel clustering technique for determining cluster configuration parameters by using the physical position of the vehicles. A group of vehicles selects a CH, whereas the size of cluster is determined by the CH.
Wang et al. [21] presented a multi-hop clustering procedure and announced a new movement metric according to the comparative mobility between vehicles in a multi-hop distance, selecting the vehicle with the minimum cumulative mobility value as the cluster head.
Furthermore, a multi-agent driven dynamic clustering system is presented in [22] and [23] . It presented a dynamic cluster creation system that contains hefty-weight fixed and light-weight mobile agents and clusters the vehicles that show related mobility patterns, directions, and speeds.
It also presents the method to predict similar cluster participants based on their movement patterns for future suggestion.
III. PROPOSED TECHNIQUE A. STABLE CLUSTERING STRUCTURE BASED ON TRAFFIC FLOW
In this section, we consider the whole core process of the clustering algorithm based on traffic flow. As well as the system scenarios and scheme model, we consider the cluster head selection algorithm and the clustering procedure.
B. SYSTEM SCENARIO'S SYNOPSIS AND SUPPOSITIONS
All vehicles should have the same processing power and storage in our assumption. The Figure 4 show the techniques the concept of CH rounds per vehicle in a cluster is not used in our scenario, which is mostly used in WSN CH selection, as the node in this network is a vehicle that has no battery issue. When the CH is leaving, it will inform ahead for selecting a new cluster head or give this role to the second winning cluster head. When two heads have the same result, the head will be chosen randomly. Moreover, we consider urban scenarios with intersections in our proposed technique. In the given scenario, the flow of traffic separates at each intersection. Every single intersection is based on three traffic flows: leftturn flow, right-turn flow and straight-flow movements. The cluster head will be selected from the lane having the heaviest traffic flow, aiming to increase both the lifetime of the cluster head and the stability of the cluster. For example, if we have five lanes on the road and three of them are straight-flow lanes, the cluster head will be selected from the lanes that have a straight flow because these lanes have more vehicles and have the same lane. Observably, the cluster head will be elected from the vehicles on Lane 2, 3, 4 or 5 as these lanes have heavy flows of traffic and fewer vehicles will leave the cluster after crossing the intersection, which in turn increases the lifetime of both the cluster head and the clusters.
As mentioned earlier in section 2, each vehicle is fitted with a GPS device, with the help of which every vehicle is capable of recognizing its exact position and immediate movement information, such as its route, locality, information on the lane to which it belongs, and speed. However, GPS has a 5 meters' fault which is greater than the distance between lanes [11] . Various additional methods are found in the literature to help identify lanes on the road. One technique Figure 3 is to combine the GPS with a wheel odometer [14] . The wheel odometer can identify vehicle movement of about tenths of millimeters [15] . Moreover, other techniques studied in the literature did not use GPS but used other methods that were able to detect lanes on the road [15] , [16] .
1) CLUSTERING PROCESS TRANSITION MODEL
Each vehicle in the cluster is allocated a unique ID and each vehicle from time to time broadcasts its immediate movement information including its speed, distance, cluster size, direction and connectivity level and lane number to its surrounding neighbouring vehicles. 'M' is the time between two successive broadcasts. The importance of a vehicle to be selected as a CH is based on its neighbours' movement information as we are following the traffic flow technique. In the cluster formation level, vehicles may have one of four roles: UN (unknown vehicle), CH (cluster head), CM (cluster member), and TM (temporary member):
• UN is a vehicle that is not currently a member of any cluster
• CH is a vehicle that is selected to handle cluster-related responsibilities
• CM is a vehicle that is a part/member of a cluster VOLUME 6, 2018 • TM is a vehicle that does not get a HELLO packet from the cluster head within a TI interval. A vehicle will play one of these four roles and may transit from one role to another if the cluster structure is reformed or changed due to road conditions. Fig. 2 shows the whole clustering procedure model.
C. CLUSTERING CREATION PHASE
The clustering model consists of the following steps: initialization, joining, cluster head selection algorithm, short-term disconnection from CH, leaving procedure, merging procedure, non-merging procedure, all CMs' leaving procedure, and the procedure for giving up the CH role.
The notations given below will be used in the clustering formation phase:
CREATION PROCEDURE: It collects the information of nearer surrounding vehicles. The proposed algorithm to select the cluster head will be discussed below. iv Short-term disconnection with CH: When a CM does not receive any HELLO packet from its CH over a time of TI, the role of this vehicle changes from cluster member to temporary member, as its membership within the cluster depends on certain conditions. It does not lose its membership instantly, as the interruption might be due to poor performance of the wireless connection. If the TM again receives packets broadcast by the CH in the next TI duration, the role reverts to CM. v TM leaving procedure: When a temporary member fails to receive any CH packets repeatedly over a time period of TI, the role of this vehicle changes to an unknown vehicle. In the meantime, the CH will also remove this unreachable member from the membership list. vi Merging procedure: If two CHs are in direct communication range, a merging procedure is performed. The cluster head with fewer members will give up the role of cluster head and join the cluster that has more members. vii Non-merging procedure: In the situation of two clusters merging, if the size of the new cluster would exceed the predefined threshold value, the merging procedure will not take place, as managing a larger cluster is also a major issue for the CHs. In this case, both CHs will continue to perform their own roles and manage their own clusters. viii All CMs leaving procedure: In the situation when all the cluster members move to separate lanes, the cluster will no longer exist and all vehicles will become unknown vehicles and will again search for another cluster. ix CH role giving up procedure: When all the members leave the cluster for whatever reasons, the CH will also revert to being an unknown vehicle again. 
D. CH SELECTION PARAMETERS 1) TRAFFIC WEIGHT
The significant approach in our work is to consider the neighbours surrounding the vehicle, which we call the traffic flow. Different traffic flows lead in different directions, and will then divide after the intersection. Vehicles in different traffic flows must be grouped into one cluster to reduce the number of vehicles that leave the cluster and to select the most stable CH; a traffic weight (TW) metric will apply for each traffic flow. We divided the flow of the neighbours heading in the same direction as vehicle 'a' into three sets: SL: leftturn vehicles, SR: right-turn vehicles and SS: straight-flow vehicles. The number of vehicles in each set is symbolized as VL, VR and VS correspondingly. The total number of neighbouring vehicles with the same direction as vehicle 'a' is denoted as V. The flow in which vehicle 'a' travels must be allocated the maximum weight. The weight of the flow of traffic is calculated as the number of neighbouring vehicles in the flow by the total number of vehicles. Then, the weight for each traffic flow can be calculated as Eq. (1):
For example, take six lanes, as shown in Fig. 2 . Lane 1 is the left-hand lane, Lanes 2, 3, 4, 5 are straight-flow lanes, and Lane 6 the right-hand lane. For vehicle i, its communication range covers all the further vehicles in Fig. 2 . Then, each traffic flow has the following weight: 2/16, 1 and 3/16 respectively.
2) VEHICLE DENSITY
The size of the cluster is unfixed and depends upon the road conditions. The vehicles' density determines the size of the cluster. The vehicle speed varies according to the conditions; if the vehicle speed is low this means the density is high, so the density is inversely proportional to the speed. The size of the cluster is big if the density is high and it is small if the density is low. The vehicle density is shown in the following equations:
Density(vehicles per mile) = Flow(vehicles per hour) / Speed(miles per hour)
3) CONNECTIVITY LEVEL
In order to find the total connectivity level (TCL), we have to compute the overall connectivity level and the connectivity level for the flow of traffic. The overall CL, α, shows the average number of vehicles directly associated with vehicle 'a' and is defined as:
where 'b' is the neighbouring vehicle of vehicle 'a'. N (a, b, T) is equal to 1 if a connection between 'a' and 'b' is present at time 'T' or else equals 0. Now, after calculating the overall CL for a flow of traffic, we have to calculate the connectivity level for a vehicle 'a' and the vehicles in the flow of traffic to which the particular vehicle belongs. This is defined as:
b TF is a vehicle in the same flow of traffic as vehicle 'a'. The total connectivity level for vehicle 'a' is now defined as:
4) SPEED AND DISTANCE
Both parameters are calculated by using their standard formulas.
E. NAÏVE BAYESIAN TECHNIQUE
Bayesian networks can represent complex probability distributions well, and have received much consideration in recent years. Bayesian (also named as Belief) networks (BN) are an influential illustration Figure 5 of facts and a reasoning system. The familiar machine learning algorithm, Naïve Bayes is a particular example of a Bayesian network. The Bayesian classification characterizes a supervised learning technique as well as a statistical means of classification. In machine VOLUME 6, 2018 learning and statistics, classification is the problem of recognizing to which of a set of classes a new observation belongs, on the basis of a training set of data. An example would be predicting a given email as ''spam'' or ''non-spam'' or, on a given dataset of the weather, being able to predict whether tomorrow we will play or not. In terms of machine learning, classification is counted as an example of supervised learning, i.e. learning where a training set of properly predictable observations is accessible.
1) BAYESIAN THEOREM
The Naive Bayes algorithm is based on the Bayesian theorem. Assuming training data A, the posterior probability of a hypothesis B, P (B|A), follows the Bayesian theorem. It uses the knowledge of earlier events to predict future events.
P(B|A) = P(A|B).P(B)/P(A)
Consider the case scenario: 
IV. SIMULATION RESULTS
We used the NS2 simulator to perform the simulation of the presented clustering technique. We also used SUMO (Simulation of Urban Mobility) to generate the proposed scenario and the flow of traffic. We compare our simulation outcome with the LBC technique proposed in [11] and the TFB technique proposed in [10] . Fig. 6 demonstrates the ordinary lifetime of the cluster head by using the new proposed technique. The outcome illustrates that the lifetime of the cluster head is improved because of applying the proposed algorithm. This is because we are selecting the CH from the heavy traffic flow, thus minimizing the chances of the CH leaving. The range of transmission also affects the stability of the clusters as if more members are in the cluster this in turn reduces the chances of the cluster being dismissed. Thus, we set the transmission range in the middle of the range (150-500), so more members can be part of a particular cluster.
The average numbers of clusters per vehicle of the LBC and TFB techniques are compared in Fig. 7 . The number of clusters per vehicle is reduced by applying our proposed technique. The reason is that we increase the range of transmission, which in turn reduces the number of members that leave the cluster, and more member are able to be part of the cluster, so the cluster lifetime is extended.
Cluster stability means reconfiguration of the cluster because of the continuously changing topology, as the nodes in this network are vehicles that have a high mobility parameter. We should have a good algorithm of clustering for cluster stability that minimizes the number of changes in a cluster by maximizing the proportion of the CH's mobility pattern with its CMs . Figs. 8, 9 , and 10 demonstrate the stability of the clusters as percentages of three different scenarios as LOW flow, MEDIUM flow and HIGH flow along with the vehicles velocity, and compares these with the existing techniques of LBC [11] and TFB [10] . As displayed in the figure, the high flow of traffic has the maximum value of cluster stability among all the scenarios. Also, our technique performs well compared with the old techniques, as also shown by the simulation outcome.
From Fig. 9 , medium flows of traffic also have the average stability of CH as compared to low flows of traffic, nevertheless, our technique has much more positive results for CH variation as demonstrated below.
V. CONCLUSION AND FUTURE WORK
In this paper, we presented a traffic movement based stable clustering algorithm using the Naïve Bayesian method, with the aim of creating stable clusters in urban scenarios. The parameters of the vehicles such as traffic weight, speed, cluster size, connectivity level, direction and vehicle distance are used in our technique for cluster head selection. The cluster head will be selected from the lane having the heaviest traffic flow, aiming to enhance the stability of the cluster as well as the lifetime of the cluster head. The proposed algorithm is compared to the current algorithms and it expressively performs well and increases the stability and lifetime of both the cluster and the CH, as the simulation outcomes also show the performance of the suggested algorithm Tables He has authored or co-authored more than 50 academic articles in reputed peer-reviewed international journals and conferences. His research interests include cyber-physical systems, IoT, connected vehicles, wireless communications and networking, optical communications and networking, smart grid communications and networking, security issues in wireless networks, big data, cloud computing, and fault diagnosis in WSNs. He has supervised many B.C.S., M.C.S., M.S., and Ph.D. students in the above-mentioned fields. He has also been involved with reviewing and organizing different workshops, seminars, and training sessions on different technologies.
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